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Abstract
This paper reports on an analysis conducted to identify ways to improve average speeds in the Express 
Lanes (ELs) in Utah. The research began with an investigation of the current usage of both the ELs 
and the General Purpose (GP) lanes by user type (e.g., single-occupant vehicle, high-occupancy 
vehicle (HOV) 2, HOV 3+, “C” decal, Express Pass user, motorcycle, bus, freight vehicle, and 
emergency vehicle) to better understand the breakdown of vehicles in the lanes and to calculate 
average vehicle occupancy. Violation data were examined to determine ways to reduce violator rates,
while ways to control Express Pass traffic and to evaluate changes to toll rates and to estimate the 
impacts on speed of specific toll increases along the corridor were explored.
The data collected were examined to better understand the speed-flow relationship on the ELs and 
to estimate the impact of volume changes on speeds in the lanes. This allowed the research team to 
estimate the impact on EL and GP lane volumes and speeds under a combination of EL education 
campaigns, increased EL enforcement, and increased EL peak period toll rates.
Depending on the scenario analyzed, it was determined that the speeds in the ELs could be 
expected to increase as a result of the recommendations. The increase was found to be dependent upon 
the scenario chosen and the response of the traffic to the increases with an average maximum change 
in EL speed of 7.8 mph for a combination of education, enforcement, and increased tolls.
Keywords: Managed lanes, Express lanes, High-Occupancy Toll (HOT), High-Occupancy Vehicle (HOV), 
Transportation, Violation rates, Enforcement, Average Vehicle Occupancy (AVO), Carousel method
1 Introduction
The Utah Department of Transportation (UDOT) and Brigham Young University (BYU) recently 
completed two research reports on the utilization of the High Occupancy Toll (HOT) lanes (i.e., 
Express Lanes or ELs) along the Wasatch Front (Schultz et al. 2014; Schultz et al. 2015b). The 2014
report provided preliminary guidance on the impacts of current traffic levels on the ability of the ELs 
to meet their performance objectives. The primary objectives of that project were to examine the 
utilization of the ELs under a limited number of congestion and pricing scenarios and to provide 
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preliminary recommendations on EL use. The researchers analyzed the data for the ELs in Utah, 
including an analysis of speed, volume, and toll rates within the lanes, as well as a detailed analysis of 
Express Pass transponder and “C” decal (i.e., clean fuel vehicle) use within the state. The results of the 
study indicated that the majority of the EL corridor within the state of Utah is operating within the 10th
percentile speed goal of 55 mph set by UDOT and the requirement of 45 mph set by the Federal 
Highway Administration (FHWA). There are, however, some zones where 10th percentile speeds have 
dropped below 55 mph and some that have also dropped below 45 mph.
Several methods were identified as part of the research to reduce the volume in the ELs and 
subsequently increase the speeds within the lanes. The primary methods identified in the research 
included (Schultz et al. 2014):
1. Increase EL tolls during peak periods, including an increase in the maximum allowable toll.
2. Increase the High Occupancy Vehicle (HOV) limits in the ELs from 2+ to 3+ persons per 
vehicle during peak periods.
3. Reduce violation rate along the corridor through methods such as increased enforcement, 
education campaigns regarding policies related to the proper use of the ELs, and the 
consideration of a “HERO” program for public enforcement.
In addition to these methods, several other alternatives to reduce the volume in the ELs were 
brainstormed by the Technical Advisory Committee (TAC) to consider at a future date.
The 2015 report was conducted to evaluate the alternatives in more detail by completing a detailed 
analysis of average vehicle occupancy (AVO) both in the ELs and the GP lanes, a more detailed 
analysis of methods available to reduce violation rates, and a more in depth analysis of the impacts on 
volume and speed of increasing EL tolls (Schultz et al. 2015b). This paper provides a summary of 
these results including a discussion on data collection, data analysis, proposed recommendations, and 
conclusions.
2 Data Collection
The method for collecting data is a key component of this analysis and was conducted in an effort 
to quantify the current vehicle occupancy and vehicle types in the Express and GP lanes. The vehicle 
occupancy and vehicle type data were collected using the carousel method. The carousel method 
involves one or more observation vehicles driving concurrent with the flow of traffic to collect data in 
the adjacent lanes. In each observation vehicle, there is a driver and multiple observers; the driver 
focuses on maintaining ideal speed; the observers focus on their assigned lane(s). The carousel method 
was compared to several additional data collection methods including the roadside method 
(D’Ambrosio 2011, Heidtman et al. 1997), the video recording method (Heidtman et al. 1997), the 
survey/database method (Heidtman et al. 1997, Gan et al. 2005), and the automated (infrared camera 
and in-vehicle sensor) methods (Hao et al. 2011). Comparisons were made in terms of safety, cost, and 
perceived accuracy of the methods (Schultz et al. 2015a, Schultz et al. 2015b). A summary of the
process of collecting data through the carousel method for this study are included in the following 
subsections: routes, collection periods, and classification of observation data.
2.1 Routes
The segments of I-15 being observed are outlined by zone in Table 1 and illustrated in Figure 1.
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Northbound
Zone Name Extents
130 South Utah County U.S. 6 to University Parkway
135 Central Utah County University Parkway to Lehi Main Street
140 North Utah County Lehi Main Street to 14600 South
145 South Valley 14600 South to 7200 South
150 Salt Lake 7200 South to 2300 North
160 North Davis County Parrish Lane to Layton Parkway
Southbound
Zone Name Extents
240 North Davis County Layton Parkway to Parrish Lane
250 Salt Lake 2300 North to 7200 South 
255 South Valley 7200 South to 14600 South
260 North Utah County 14600 South to Lehi Main Street
265 Central Utah County Lehi Main Street to University Parkway
270 South Utah County University Parkway to U.S. 6
Table 1: Zone Extents of I-15
Figure 1: I-15 EL zones.
2.2 Collection Periods
For this study, three data collection periods were identified. Vehicle occupancy data were collected 
during the AM Peak hours (6:50 a.m. to 9:10 a.m.), Off-Peak hours (11:50 a.m. to 2:10 p.m.), and PM 
Peak hours (3:50 p.m. to 6:30 p.m.). The data were collected on Tuesdays and Thursdays between 
May 20, 2014 and June 12, 2014. 
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2.3 Classification of Observation Data
Based on the interaction with the TAC, several vehicle types of interest were identified for the 
study. From the observations of the research team, those types were expanded to include more detailed 
occupancy information for each vehicle type as summarized in Table 2.
Vehicle Types Requested by TAC Vehicle Types Used in Study
Single occupant vehicle (SOV)
HOV with 2 passengers (HOV 2)
HOV with 3 or more passengers (HOV 3+)
Vehicles with Express Pass transponders
Vehicles with “C” decals
Buses
Motorcycle (MC)
Freight vehicles (semi-truck, multi-axle vehicles, large 
trucks)
Passenger vehicle with 1 occupant
Passenger vehicle with 2 occupants
Passenger vehicle with 3 occupants
Passenger vehicle with 4 occupants
Passenger vehicle with 5 or more occupants
Express pass passenger vehicle with 1 occupant
Express pass passenger vehicle with 2 occupants
Express pass passenger vehicle with 3 occupants
Express pass passenger vehicle with 4 occupants
Express pass passenger vehicle with 5 or more occupants
“C” decal passenger vehicle with 1 occupant
“C” decal passenger vehicle with 2 occupants
“C” decal passenger vehicle with 2 occupants
“C” decal passenger vehicle with 3 occupants
“C” decal passenger vehicle with 4 occupants
“C” decal passenger vehicle with 5 or more occupants
Bus (empty)
Bus (half full)
Bus (full)
MC, 1 rider
MC, 2 or more riders
Freight vehicles (semi-truck, multi-axle vehicles, large trucks)
Emergency vehicle (EV) (Police cruisers, ambulance, etc.)
Table 2: Summary of Vehicle Types of Interest
3 Data Analysis
The data collected were analyzed to better understand vehicle occupancy and vehicle types within 
the Express and GP lanes to provide a concise picture of current AVO and the types of vehicles 
currently utilizing the ELs. The analysis evaluates the AVO, vehicle percentages by type, violation 
rates, and a summary of key results.
3.1 Average Vehicle Occupancy
AVO was calculated from the samples of passenger vehicles, Express Pass vehicles, and “C” decal 
vehicles. Buses, motorcycles (MCs), freight vehicles, and emergency vehicles (EVs) were omitted 
from the AVO calculation. AVO was calculated by dividing the number of travelers by the number of 
vehicles counted. The overall AVO for the northbound (NB) and southbound (SB) directions is 
illustrated in Figure 2. The AVO for each zone is shown in Figure 3.
The graphs show that the AVO is consistently higher in the EL and lower in the GP lane, with little 
variability in the AVO across the zones themselves. The AVO was always highest during the Off-Peak 
time period going as high as 2.23 passengers per vehicle (ppv). While the AM Peak period has a lower 
AVO than the PM Peak period NB, the AM Peak period is higher than the PM Peak period SB.
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a) b)
Figure 2: Overall AVO a) NB and b) SB.
a) b)
Figure 3: AVO by zone a) NB and b) SB.
3.2 Vehicle Percentage by Type
From the vehicle counts by type, the vehicle percentage by type for each lane per zone and time 
was calculated to provide an illustration of the percentage of vehicle types in a given lane. The NB 
direction had 15% single occupant vehicles (SOVs) (assumed as violators), 51% HOV 2 vehicles, 
18% HOV 3+ vehicles, 10% Express Pass users, 2% “C” decal vehicles, and 4% MC, buses and EVs.
For the SB direction, the ELs are comprised of approximately 17% SOVs (assumed as violators), 52% 
HOV 2 vehicles, 15% HOV 3+ vehicles, 12% Express Pass users, 1% “C” decal vehicles, and 
approximately 3% motorcycle, buses and EVs (Schultz et al. 2015b).
3.3 Violation Rates
Within the parameters of this study, “violators” in the EL are identified as those vehicles that do 
not meet the passenger requirements to be a HOV, do not have an Express Pass transponder, do not 
have a “C” decal registering them as a clean vehicle, or are not EVs. The scope of this study was not 
able to capture violation data the same as was described in previous studies conducted by UDOT,
including violations such as improper lane usage, crossing the double white line, toll violation, 
Commercial Motor Vehicle (CMV) left lane violation, HOV on- and off-ramp violation, operating 
restricted vehicles in the left lane, and left lane restricted vehicles over 12,000 pounds. Violation data 
for the purposes of this study are a factor of vehicle occupancy violations only. 
The results of this analysis showed that violation rates spike in the EL to 25% or higher in 
congested zones during the AM Peak period. It was determined in previous research that the 10th
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percentile speeds for these zones fell below the goal of 55 mph during the AM Peak period. In the SB 
direction, several zones show AM and PM Peak period violation rates above 20%. The 10th percentile 
speeds for these zones also fell below the goal of 55 mph during the PM Peak period (Schultz et al. 
2014). The Off-Peak period was consistently lower than AM and PM Peak rates.
3.4 Summary of Key Results
One of the recommendations of the research completed in Utah to examine the utilization of the I-
15 ELs under a limited number of congestion and pricing scenarios was to evaluate the users of the 
system throughout the corridor, paying particular attention to those zones that were below the 55/45 
mph requirements. A summary of the zones where the speeds dropped below the threshold combined 
with the corresponding vehicle percentage by type is provided in Table 3. The results indicate that, in 
general, the violation rates in the zones where speeds were at or below the goals set by UDOT were 
higher than national and UDOT averages, generally in excess of 20%. Express Pass use in these zones 
was also high, generally in excess of 15%, and “C” decal use was relatively low. Based on these 
results, the recommendations provided are aimed at identifying alternatives to reduce the volume in 
the ELs, thus increasing the speeds in the lanes (Schultz et al. 2014, Schultz et al. 2015b).
Zone
Time
Period
10th Percentile 
Speed (mph)
SOV
(Violator) HOV 2 HOV 3+
Express
Pass
“C”
decal
Other (Bus,
MC, EV)
140 AM Peak 55.0 24.8% 37.6% 15.8% 15.8% 4.0% 2.0%
145 AM Peak 51.0 33.0% 33.3% 10.6% 17.6% 1.5% 3.9%
140 PM Peak 53.0 11.0% 64.2% 16.5% 2.8% 0.0% 5.5%
145 PM Peak 55.0 14.5% 61.6% 11.6% 3.5% 2.3% 6.4%
250 PM Peak 37.0 20.7% 43.6% 14.1% 16.8% 0.8% 3.9%
255 PM Peak 41.0 20.9% 50.1% 8.1% 17.4% 1.2% 2.3%
260 PM Peak 47.0 19.0% 58.5% 7.0% 14.8% 0.0% 0.7%
Table 3: Summary of Results for ELs in Key Zones
4 Proposed Recommendations
Several zones were identified in Utah where the speeds were below the UDOT goal of 55 mph. To 
improve the performance of the EL, it was determined that the vehicle percentage by type in the EL
would need to be adjusted in these zones. Several solutions were suggested for changing the vehicle 
percentage by type in the EL, with the majority of the options resulting in lower volumes (Schultz et 
al. 2014).
An analysis of the potential impacts of proposed recommendations was conducted to assess the 
expected effects of implementing several scenarios to change the vehicle percentage by type in the EL. 
The recommendations analyzed include reducing violators (through education and increased 
enforcement) and increasing the toll rate. Sensitivity analyses related to implementing multiple 
recommendations are also discussed. Prior to this analysis, the performance baseline is established.
4.1 Performance Baseline
The following assumptions are made to illustrate the possible effects of speed-volume performance 
of the EL and GP lanes if a given recommendation were to be implemented. The effects of the 
assumptions are based on the data collected, as well as the details gained through the literature. 
Initially a strategic approach was attempted to pinpoint speed-volume relationships based on empirical 
speed-volume data points. Due to the variability in the data and the difficulty in obtaining accurate 
results, a mathematical speed-volume relationship was developed for the analysis instead.
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The initial speed-volume data comes from historical speed-volume data extracted using the UDOT 
Performance Measurement System (PeMS). The speed-volume values were extracted along the I-15 
corridor for those zones which were identified as trouble zones in the research. Data extraction was 
limited to the extents of the study (Tuesdays and Thursdays; May 20 to June 12, 2014; AM Peak [7:00 
a.m. to 9:00 a.m.] and PM Peak [5:00 p.m. to 6:00 p.m.]). Two hours were used for the AM Peak as 
the peak hour was identified to be from 7:30 a.m. to 8:30 a.m.; however, the PeMS data system does 
not allow data to be extracted in 30 minute increments, so the full two hour sample was used. A 
modeled relationship of speed and volume for each zone was created to fit the historical data and to 
allow for calculations to be done for these scenarios.
Based on observed (historical) values of speed and flow, a speed-volume relationship was 
calculated using the Greenshields model (Fricker and Whitford 2004). The Greenshields model is a 
widely accepted model used to represent the relationship between the speed and volume of traffic 
assuming a linear relationship between speed and density. Greenshields proposed the use of a linear 
function to summarize the speed-density relationship, from which equations were developed for speed 
and volume (flow rate) as outlined in Equations 1, 2, and 3. By calculating density (volume divided by 
speed), jam density, and free flow speed, a model is created to correlate a speed value with a specified 
volume.
ݍ = ܵ כ ܦ (1)
where: q = flow rate (vphpl)
S = speed (mph)
D = density (veh/mi)
ܵ = ௙ܵ כ (1െ ஽஽ೕ) (2)
where: Sf = free flow speed (mph)
Dj = jam density (veh/mi)
ݍ = ௙ܵ כ (ܦ െ ஽
మ
஽ೕ
) (3)
An example calculated curve laid over the historical data for Zone 140 during the AM Peak hour is 
shown in Figure 4. The free flow speed and jam-density values were extracted from the linear 
Greenshields speed-density relationship and utilized to develop the speed and flow curves. Although
the model does not provide a perfect representation of the data (not expected with a Greenshields 
model), the model was used as a baseline for analysis.
For the recommendations in this paper, Zone 140 AM Peak will be used for analysis. The 
following performance statistics were assumed to simulate high congestion situations during peak 
hour traffic for Zone 140 during the AM Peak hour. The speed values utilized in the analysis are based 
on the Greenshields speed volume relationship and represent the speed near capacity (in the 
uncongested region). Upon examination of the data for the ELs and the GP lanes, it is shown that the 
capacity for the GP lanes is slightly higher than that in the ELs. Because the model is based on actual 
data collected for each zone and the free flow speed and jam density values are derived from these 
data, the model results also show a higher speed at capacity. This is consistent with other research 
completed in this area (Liu et al. 2011). The reader is encouraged to focus on the changes in speeds 
before and after the proposed changes, rather than focusing on the absolute model values.
x EL Volume: 1,700 vphpl
x EL Speed: 50.8 mph
x GP Lane Volume: 1,800 vphpl
x GP Lane Speed: 58.0 mph
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Figure 4: Historical speed-volume data with calculated curves (Zone 140 AM Peak).
4.2 Reduction in Violation Rates
To effectively reduce the number of vehicles in the EL and thereby increase speeds, the percentage 
of vehicles violating the EL use would need to be reduced through methods such as educating the 
public and providing increased enforcement along the corridor. In addition to these methods, 
implementing the HERO program (WSDOT 2014), installing rumble strips along the EL, and possible
modifications to the striping of the ELs were also discussed (Schultz et al. 2014).
Turnbull et al. (2002) found that educating the public about the correct usage of the EL reduced the 
number of violators in the lane from 56% to less than 2% in the PM Peak and from 41% to less than 
7% in the AM Peak in one study. Although this study was related to a change in EL occupancy
requirements (2+ to 3+) and may be considered an extreme case, it does show the potential for 
reduction in violation rates through education techniques. Possible education techniques could include, 
but are not limited to: advertisements through the radio, internet, television, billboards, and social 
media. Increased efforts in educating the public are theorized to result in a less congested EL. Using 
more conservative estimates than those achieved by Turnbull et al. (2002), it was assumed that 
education could reduce the number of violators (SOVs) in the EL by approximately 5-15% (violators 
only), if education efforts were successful. This assumption was used to distribute vehicles throughout 
the remainder of the system. It was assumed that an increase in education may raise awareness to the 
benefit of carpooling as well as correct usage of the HOV lane, thus resulting in a possible increase in 
HOV 2 and HOV 3+ vehicles in the EL; however, for the model it was assumed that all SOVs in the 
EL vehicles would move to the GP lanes as a conservative estimate. The assumed changes for the 
range of reductions are represented in Table 4, Table 5, and Table 6 for reductions in violators of 5%, 
10%, and 15%, respectively for Zone 140 AM Peak. Note the increase in volume in the GP lane as a 
result of the reduction of violators in the EL.
From the performance baseline speed-volume model outlined previously, reducing violators from 
the EL through education could be expected to increase the speed of the EL by nearly 1 mph for each 
5% reduction in violators. A summary of the estimated change in volume and speed is shown in Table 
7 for reductions in violators of 5%, 10%, and 15%. The specific results show and increase in speed of
0.9 mph for a 5% reduction of violators, 1.8 mph for a 10% reduction of violators, and 2.6 mph for a 
15% reduction of violators. 
Similar calculations were conducted for increased enforcement and a combination of education and 
increased enforcement. A summary of the results of this analysis will be provided later in this paper. 
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Table 4: Impact of EL Education for Zone 140 AM Peak (assumed 5% violator reduction)
Table 5: Impact of EL Education for Zone 140 AM Peak (assumed 10% violator reduction)
Table 6: Impact of EL Education for Zone 140 AM Peak (assumed 15% violator reduction)
Lane
Volume
(vphpl)
Speed
(mph)
Performance Before 
Change Implemented
EL 1,700 50.8
GP 1,800 58.0
Performance After 5% 
Reduction Implemented 
EL 1,681 51.7
GP 1,827 57.0
Performance After 10% 
Reduction Implemented
EL 1,660 52.6
GP 1,848 56.2
Performance After 15% 
Reduction Implemented
EL 1,639 53.4
GP 1,869 55.3
Table 7: Impact of EL Education on EL and GP Lane Performance for Zone 140 AM Peak
4.3 Increased Toll Rate
Another method proposed to change the vehicle percentage by type in the EL is raising the toll to 
use the lane. Based on a review of the literature, toll rates in Utah were found to be relatively low 
when compared to current rates in California, Minnesota, and Georgia. Comparing the cost of living 
with current tolls in these states suggest that raising the maximum toll from $1.00 to $2.00 is not 
Lane SOV HOV 2 HOV 3+ Express Pass C Decal Motorcycle Bus Freight Emergency
EL 24.8% 37.6% 15.8% 15.8% 4.0% 2.0% 0.0% 0.0% 0.0%
GP 89.7% 5.4% 0.9% 1.3% 0.0% 0.9% 0.0% 1.8% 0.0%
EL 421 640 270 270 68 34 0 0 0
GP 1,616 97 17 25 0 17 0 33 0
EL -22 0 0 0 0 0 0 0 0
GP 22 0 0 0 0 0 0 0 0
EL 399 640 270 270 68 34 0 0 0
GP 1,638 97 17 25 0 17 0 33 0
EL 23.7% 38.1% 16.1% 16.1% 4.0% 2.0% 0.0% 0.0% 0.0%
GP 89.7% 5.3% 0.9% 1.4% 0.0% 0.9% 0.0% 1.8% 0.0%
EL -5.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
GP 1.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Education (5% )
Before 
Changes Made
Vehicle Percentage 
by Type
Number of Vehicles 
by Type
Estimated 
Changes
Number of Vehicles 
Displaced
After Changes 
Made
Number of Vehicles 
by Type
Vehicle Percentage 
by Type
Vehicle Percent 
Change by Type
Lane SOV HOV 2 HOV 3+ Express Pass C Decal Motorcycle Bus Freight Emergency
EL 24.8% 37.6% 15.8% 15.8% 4.0% 2.0% 0.0% 0.0% 0.0%
GP 89.7% 5.4% 0.9% 1.3% 0.0% 0.9% 0.0% 1.8% 0.0%
EL 421 640 270 270 68 34 0 0 0
GP 1,616 97 17 25 0 17 0 33 0
EL -43 0 0 0 0 0 0 0 0
GP 43 0 0 0 0 0 0 0 0
EL 378 640 270 270 68 34 0 0 0
GP 1,659 97 17 25 0 17 0 33 0
EL 22.8% 38.6% 16.3% 16.3% 4.1% 2.0% 0.0% 0.0% 0.0%
GP 89.8% 5.2% 0.9% 1.4% 0.0% 0.9% 0.0% 1.8% 0.0%
EL -10.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
GP 2.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Education (10% )
Before 
Changes Made
Vehicle Percentage 
by Type
Number of Vehicles 
by Type
Estimated 
Changes
Number of Vehicles 
Displaced
After Changes 
Made
Number of Vehicles 
by Type
Vehicle Percentage 
by Type
Vehicle Percent 
Change by Type
Lane SOV HOV 2 HOV 3+ Express Pass C Decal Motorcycle Bus Freight Emergency
EL 24.8% 37.6% 15.8% 15.8% 4.0% 2.0% 0.0% 0.0% 0.0%
GP 89.7% 5.4% 0.9% 1.3% 0.0% 0.9% 0.0% 1.8% 0.0%
EL 421 640 270 270 68 34 0 0 0
GP 1,616 97 17 25 0 17 0 33 0
EL -64 0 0 0 0 0 0 0 0
GP 64 0 0 0 0 0 0 0 0
EL 357 640 270 270 68 34 0 0 0
GP 1,680 97 17 25 0 17 0 33 0
EL 21.8% 39.0% 16.5% 16.5% 4.1% 2.1% 0.0% 0.0% 0.0%
GP 89.9% 5.2% 0.9% 1.3% 0.0% 0.9% 0.0% 1.8% 0.0%
EL -15.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
GP 4.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Education (15% )
Before 
Changes Made
Vehicle Percentage 
by Type
Number of Vehicles 
by Type
Estimated 
Changes
Number of Vehicles 
Displaced
After Changes 
Made
Number of Vehicles 
by Type
Vehicle Percentage 
by Type
Vehicle Percent 
Change by Type
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unreasonable for Utah compared to rates in other states (Schultz et al. 2015b). There are two possible 
effects of raising the toll in the ELs. One possible outcome of a higher toll may suggest to drivers that 
there is a congestion ahead, thus attracting traffic to the EL (Samuel 2013). For the purposes of this 
analysis; however, it will be assumed that the number of Express Pass users will decrease as a result of 
increasing the toll, based on standard elasticity of travel principles.
Using the elasticity calculation in Equation 4 (Fricker and Whitford 2004), the number of Express 
Pass users that would be affected by changing the price from $1.00 to $2.00 with an elasticity of -0.3 
(Burris et al. 2012) was calculated. It should be noted that the elasticity rate of -0.3 outlined by Burris 
et al. (2012) was developed based on toll increases in the range of 10-50%. It is assumed for this 
research that this can be applied for an increase of 100% maximum, even though this is outside of the 
range of values studied. The elasticity rates for increases in excess of 100% are currently unknown and 
would need further research and monitoring to determine actual impacts. 
ߝ௦௛௥ = (ொభିொబ)௉బ(௉భି௉బ)ொబ (4)
where: İshr = shrinkage ratio
Q0 = number of users before change determined significant
Q1 = number of users after change
P0 = price before change
P1 = price after change
It was assumed that the Express Pass holders that choose not to pay the higher toll would shift to 
the GP lanes. The projected effects of increasing the toll on the overall system are summarized in 
Table 8 for Zone 140 AM Peak. Table 9 shows increasing the toll from $1.00 to $2.00 has the 
potential to increase speed in the EL for Zone 140 AM Peak by 3.2 mph. 
Table 8: Impact of Increased Toll Rate for Zone 140 AM Peak (assumed 30% Express Pass reduction)
Table 9: Impact of Increased Toll Rate for Zone 140 AM Peak (assumed 30% Express Pass reduction)
4.4 Sensitivity Analysis
Due to a variety of factors that cause each zone to perform differently by time of day, a sensitivity 
analysis was performed for the zones of interest to provide more representative results. A summary of 
the results for these analysis zones is provided in Table 10 for the AM Peak. The reader is referred to 
the literature for more details on all analysis results (Schultz et al. 2015b).
Lane SOV HOV 2 HOV 3+ Express Pass C Decal Motorcycle Bus Freight Emergency
EL 24.8% 37.6% 15.8% 15.8% 4.0% 2.0% 0.0% 0.0% 0.0%
GP 89.7% 5.4% 0.9% 1.3% 0.0% 0.9% 0.0% 1.8% 0.0%
EL 421 640 270 270 68 34 0 0 0
GP 1,616 97 17 25 0 17 0 33 0
EL 0 0 0 -81 0 0 0 0 0
GP 0 0 0 81 0 0 0 0 0
EL 421 640 270 189 68 34 0 0 0
GP 1,616 97 17 106 0 17 0 33 0
EL 26.0% 39.5% 16.6% 11.7% 4.2% 2.1% 0.0% 0.0% 0.0%
GP 85.7% 5.1% 0.9% 5.6% 0.0% 0.9% 0.0% 1.7% 0.0%
EL 0.0% 0.0% 0.0% -30.0% 0.0% 0.0% 0.0% 0.0% 0.0%
GP 0.0% 0.0% 0.0% 324.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Increased Toll Rate
Before 
Changes Made
Vehicle Percentage 
by Type
Number of Vehicles 
by Type
Estimated 
Changes
Number of Vehicles 
Displaced
After Changes 
Made
Number of Vehicles 
by Type
Vehicle Percentage 
by Type
Vehicle Percent 
Change by Type
Lane
Volume 
(vphpl)
Speed 
(mph)
EL 1,700 50.8
GP 1,800 58.0
EL 1,622 54.0
GP 1,886 54.6
Performance After 
Change Implemented
Performance Before 
Change Implemented
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Methodology Lane
Zone 140 AM Zone 145 AM
Speed
Before
Speed
After
Diff.
(mph)
Speed
Before
Speed
After
Diff.
(mph)
Education (-5% Violators)
EL 50.8 51.7 0.9 45.2 47.2 2.1
GP 58.0 57.0 -1.0 52.7 51.6 -1.0
Education (-10% Violators)
EL 50.8 52.6 1.7 45.2 48.9 3.7
GP 58.0 56.2 -1.8 52.7 50.6 -2.0
Education (-15% Violators)
EL 50.8 53.4 2.6 45.2 50.3 5.1
GP 58.0 55.3 -2.6 52.7 49.6 -3.1
Enforcement (-10% Violators)
EL 50.8 52.6 1.7 45.2 48.9 3.7
GP 58.0 56.2 -1.8 52.7 50.6 -2.0
Education & Enforcement (-20% Violators)
EL 50.8 54.2 3.3 45.2 51.5 6.3
GP 58.0 54.4 -3.6 52.7 48.3 -4.4
Increased Toll (-30% Express Pass)
EL 50.8 54.0 3.2 45.2 50.5 5.4
GP 58.0 54.6 -3.4 52.7 49.3 -3.4
Increased “C” Decal (+100% “C” Decal)
EL 50.8 46.5 -4.3 45.2 40.0 -5.2
GP 58.0 60.0 2.0 52.7 53.4 0.7
Education & Enforcement (-20% Violators) plus 
Increased Toll (-30% Express Pass)
EL 50.8 56.8 5.9 45.2 54.8 9.6
GP 58.0 49.5 -8.5 52.7 41.1 -11.5
Education & Enforcement (-20% Violators) plus 
Increased “C” Decal Permits (+100% “C” Decal)
EL 50.8 51.5 0.6 45.2 50.4 5.2
GP 58.0 57.2 -0.8 52.7 49.5 -3.2
Increased Toll (-30% Express Pass) plus Increased “C” 
Decal Permits (+100% “C” Decal)
EL 50.8 51.3 0.5 45.2 49.3 4.1
GP 58.0 57.3 -0.6 52.7 50.4 -2.3
Education & Enforcement (-20% Violators), Increased 
Toll (-30% Express Pass), plus Increased “C” Decal 
Permits (+100% “C” Decal)
EL 50.8 54.6 3.8 45.2 53.9 8.8
GP 58.0 53.8 -4.2 52.7 44.4 -8.2
Table 10: Summary of Sensitivity Analysis (AM Peak)
5 Conclusions
The primary objective of this research was to recommend actions that will improve average 
speeds in the HOT lane or EL to Utah’s goal of 55 mph. To accomplish this objective it was important 
to investigate the current usage of both the Express and GP lanes along the Wasatch Front. 
Specifically, it was necessary to determine the Express and GP lane users by type (e.g., SOV, HOV 2, 
HOV 3+, “C” decal, Express Pass user, MC, bus, freight vehicle, and EV). Also needed was 
information on traffic speeds and flow rates along both the ELs and GP lanes. These data were 
examined to better understand the speed-flow relationship on these lanes and to estimate the impact of 
volume changes on speeds in the lanes. These empirical data were supplemented with literature 
regarding the impact of EL policies on EL usage. All of this information allowed researchers to 
estimate the impact on EL and GP lane volumes and speeds under a combination of the following 
scenarios: EL education campaign, increased EL enforcement, increased EL peak period toll rate, and 
a combination of the scenarios. In addition, the impact of allowing additional “C” decal vehicles in the 
lanes was evaluated. The change in AM Peak speed on the EL as a result of changing the vehicle 
percentage by type through the various scenarios ranged from a maximum decrease of -5.2 mph for an 
increase in “C” decal vehicles only to a maximum increase of 9.6 mph for a combination of education, 
enforcement, and increases in the maximum toll rate. The average decrease in the AM Peak across the 
two zones analyzed was -4.7 mph and the average increase in the AM Peak was 7.8 mph. 
Recommendations based on the results were made for UDOT to implement. The first recommendation 
was an increase in education and enforcement. This recommendation was implemented in the state in 
the fall of 2015 (Davidson 2015). Additional recommendations included an increase in the maximum 
allowable toll and an increase in the number of “C” decal vehicles in the lanes once additional 
capacity was available. The methodology outlined in this paper can be applied in other jurisdictions to 
approximate the impacts of changes to EL operations.
An Analysis of Express Lanes in Utah G. Schultz et al.
571
References
Burris, M. Nelson, S., Kelly, P., Gupta, P., and Cho, Y.J. (2012). “Willingness to Pay for High-
Occupancy Toll Lanes: Empirical Analysis from I-15 and I-394.” Transportation Research 
Record: Journal of the Transportation Research Board, No. 2297, 47-55. 
D’Ambrosio, K. T. (2011) “Methodology for Collecting Vehicle Occupancy Data on Multi-Lane 
Interstate Highways: A GA 400 Case Study.” Master’s Thesis, Georgia Institute of Technology.
Davidson, L. (2015). “Utah Highway Patrol Blitz Will Target Express-Lane Violators.” Salt Lake 
Tribune, 08 Oct. 2015. <http://www.sltrib.com/home/3038558-155/utah-highway-patrol-blitz-will-
target> (October 15, 2015).
Fricker, J., and Whitford, R. (2004) “Fundamentals of Transportation Engineering: A Multimodal 
Systems Approach.” Pearson Prentice Hall, Upper Saddle River, NJ. 
Gan, A., Jung, R., Liu, K. Y., Li, X., and Sandoval, D. (2005) “Vehicle Occupancy Data Collection 
Methods.” Transportation Statistics Office, Florida Department of Transportation, Tallahassee, FL.
Hao, X., Chen, H., Yang, Y., Yao, C., Yang, H., and Yang, N. (2011) “Occupant Detection through 
Near-Infrared Imaging.” Tamkang Journal of Science and Engineering, Vol. 14, No. 3, 275-283.
Heidtman, K., Skarpness, B., and Tornow, C. (1997) “Improved Vehicle Occupancy Data Collection 
Methods” Federal Highway Administration, Office of Highway Information Management, 
Washington, DC.
Liu, X., Schroeder, B. J., Thomson, T., Wang, Y., Rouphail, N. M., and Yin, Y. (2011). “Analysis of 
Operational Interactions Between Freeway Managed Lanes and Parallel, General Purpose Lanes.” 
Transportation Research Record: Journal of the Transportation Research Board, No. 2262, 62-73.
Samuel, P. (2013) “Study of Minneapolis Dynamic Priced Lanes Shows Drivers See Posted Tolls as 
Proxy for Congestion - More Likely to Choose Toll Lanes When Posted Prices High.” 
TollRoadsNews, 14 Sept. 2013. <http://tollroadsnews.com/news/study-of-minneapolis-dynamic-
priced-lanes-shows-drivers-see-posted-tolls-as-proxy-for-congestion---more-likely-to-choose-toll-
lanes-when-posted-prices>. (July 17, 2014).
Schultz, G.G., Mitchell, D., Pulver, Z., Mineer, S., and Burris, M. (2014) “I-15 Express Lanes Study 
Phase I: System Evaluation” Report No. 14.05. Utah Department of Transportation Research 
Division, Salt Lake City, UT.
Schultz, G.G., Mineer, S.T., and Eggett, D.L. (2015a). “Carousel Method: A Reliable Method for 
Collecting Average Vehicle Occupancy Data for Multi-Lane Freeways.” Transportation Research 
Record: Journal of the Transportation Research Board, No. 2484, 165-172.
Schultz, G.G., Mineer, S. T., Hamblin, C. A., Halliday, D. B., Groberg, C. C., and Burris, M. (2015b)
“I-15 Express Lanes Study Phase II: Recommendations” Report No. 15.03. Utah Department of 
Transportation Research Division, Salt Lake City, UT.
Turnbull, K.F., Obenberger, J., Clark, A., and Helou, D. (2002). “Effects of Changing Occupancy 
Requirements for High-Occupancy Vehicle Lane: El Monte Busway Case Study, July 23, 2002.” 
Transportation Research Record: Journal of the Transportation Research Board, No. 1856, 143-
151.
Washington State Department of Transportation (WSDOT). (2014). “HERO Program.” WSDOT-
HERO Program, <http://www.wsdot.wa.gov/HOV/hero.htm> (Jan. 3, 2014).
An Analysis of Express Lanes in Utah G. Schultz et al.
572
